The striated muscle mass of the body, by virtue of its weight alone, constitutes the major quantitative factor in the bodily conversion of foodstuffs to CO 2 , water and energy. The flow of gluconeogenic precursors to the liver, the hepatic manufacture of sugar and the release of glucose in the satisfaction of the ever-changing needs of total muscular activity of the body represent a complex of regulation which is taken for granted but is understood inadequately in detail. Outside of an occasional epinephrine-induced hyperglycemia, the stability of the blood sugar gives no indication of the changing ebb and flow of foodstuff which attends the wide range of activity from the sedentary, basal muscle tone of deep sleep to the mild, moderate or severe exertions which characterize the normal course of events. The minute by minute alterations in oxygen consumption and the difficulties experienced in making a truly basal metabolic rate measurement are common clinical experiences. This variability in oxygen consumption must be reflected in equivalent variation in the rate of substrate metabolism.
In the control and regulation of a brittle, juvenile diabetic, a profound influence of muscular activity upon carbohydrate regulation is often dramatically evident. The lability of the diabetes of young patients yields to the strict dietary and insulin control of a hospital regimen only to be complicated by recurrent episodes of hypoglycemia with return to situations of exercise and play at home. The necessity for reducing insulin therapy with restoration of full range of muscular activity in the labile diabetic has long been recognized. Indeed, the capacity of muscular exercise to effect glucose metabolism in the complete absence of insulin has been systemically studied and demonstrated in animal experimentation/
The insulin-independent capacity of muscular work to provoke increased glucose utilization and, indeed, to produce hypoglycemia in the diabetic organism has been attributed directly to the increased rates of metabolic processes associated with exercise. It has been logically assumed that with augmented rates of enzymatic degradation of glucose to CO 2 , water, heat and contractile energy, a "vacuum" is created into which glucose "flows." In this fashion, a greater movement of glucose from the blood stream into the metabolic processes is envisioned. With the development of the "Glucose Transport Theory" of insulin action, this view concerning the hypoglycemic effect of muscular work becomes untenable. Initially with nonutilizable congeners of glucose and subsequently with more direct measurements of glucose, it could be demonstrated that insulin exerted a primary effect on promoting entry of glucose across a limiting cell surface into the cell interior. One could view the enzyme apparatus within the cell as ready and capable of handling large amounts of glucose in metabolic transformation but with cellular entry itself as the limiting step in metabolism of the sugar and the point of regulation by insulin. A distinctive apparatus for transporting glucose across this entry barrier was postulated, a transport apparatus which was insulin-dependent.
Almost from the beginning of our efforts along such lines, we recognized that such a functional and structural view of the cell in relation to the regulation of glucose metabolism was incompatible with the current notion of the effect of muscle work. 4 If entry of glucose is viewed as the limiting step at rest it must also be viewed as even more limiting during the conditions of augmented metabolic transformation of glucose in exercise. This theoretical discrepancy was subjected to study by parallel experiments with those used in devising the glucose transport theory of insulin action. It was found that induced muscular exercise promoted increased cellular entry of glucose and nonutilizable congeners of glucose.
In some fashion muscular exercise stimulated the transport of sugars across the cellular entry barrier and the interior of the cell now became available for occupancy by additional sugar. For glucose, the increased cellular entry of the sugar is induced by this effect of work at precisely the time when the enzyme apparatus is dissimulating the substrate at greater rates in meeting the energy requirements of exercise. Increased glucose metabolism of exercise becomes a secondary consequence of increased rates of entry, in a manner quite analogous to insulin, rather than a direct consequence of the augmented rate of glucose dissimilation by contracting muscle cells. The glucose transport theory is extended by this view to be subject to at least two stimulatory factors, namely insulin and the effects of muscle work.
It was noted during these early experiments with induced muscular work that the nonutilizable congeners of glucose were distributed in a calculated space far greater than could be accounted for by the mass of muscles set into exercise. Indeed, with time, distribution of these nonutilizable sugars reached a calculated space of total body water and further work or insulin was incapable of extending this distribution any further. Since only one or both hind limbs were stimulated in such experiments, a maximal space of some 30 per cent of the carcass was being affected directly by the exercise. The possibility of a general, humoral effect of exercise became apparent. Muscle groups, as well as whole hind-limb areas were isolated neurologically and, when stimulated strenuously enough, would effect a generalized distribution in the resting tissues as well as in the working tissues. 4 Most recently, we have confirmed the humoral nature of the hypoglycemic effect under these conditions. 5 Both by cross-transfusion of blood and by the drainage of thoracic lymphatic fluid, the hypoglycemic properties of the working animal can be transferred to a resting preparation. In a variety of combinations, chronically depancreatized dogs as diabetic donors and recipients and intact dogs as normal donors and recipients have been cross-connected. There appears to be little question that with strenuous induced exercise one can enrich the body fluids of an animal with hypoglycemic properties which can then be transferred to a resting preparation without other concomitants of exercise such as pH shifts, hyperpnea, circulatory changes, etc.
A number of workers have confirmed this insulinlike effect of muscular work but as a local phenomenon involving the working musculature alone. We are prone to regard these differences as arising from a failure to employ the same intensity of induced muscle work. Both in time and in degree, the contracting muscle itself would be expected to exhibit the greatest glucose entry effect of exercise. It remains to be seen whether this generalized effect, which exhibits itself in a humoral character, is an artifact of experimental degrees of muscle work or a reflection of normal physiologic processes in severe exercise.
At this point, the ability to generalize the hypoglycemic effect of exercise into a humoral process has the practical value of an approach to isolating the factor on the one hand, and the speculative value of at least showing the capacity for developing such a humoral character. At least under certain stringent experimental conditions, the insulin-free, chronically diabetic organism has the internal capacity to promote increased glucose utilization and reduction of hyperglycemia to normal or subnormal levels.
Attempts to isolate the circulating hypoglycemic factor induced by severe exercise have been singularly unsuccessful to date, and one can say little of the possible nature of this material. In these frustrated attempts at identifying the humoral factor, we can at least be assured that it is not residual insulin released from some inactive binding in the tissues. Directly transferred blood or lymph from working to resting preparations exhibit active and long-lasting hypoglycemic properties. Attempts to store these biological fluids or to manipulate them in the conventional approaches to isolation of a biological agent have revealed the great lability of such a hypoglycemic factor. Within minutes in vitro the blood and lymph lose their hypoglycemic properties. These same fluids exhibit no striking capacity to destroy or inactivate added commercial insulin. It would appear that this muscle factor is a highly labile, probably short-lived material in transit which must either reach and fix to an active glucose transport site or within minutes lose its identity as a hypoglycemic agent.
There is intrinsic interest and possible practical value in pursuing the study of self-regulation of glucose uptake by muscles during exercise and the isolation and identification of this muscle product. Of more far-reaching consequence may be a re-evaluation of our precise knowledge of the regulation of flow of foodstuff between liver and the widely fluctuating needs of muscles in their minute by minute change in activity. We are dealing here with one point in this regulatory complex. The relevant questions which arise are as manifold as the willingness to re-examine the seemingly logical explanations now available. One can readily contrast two young individuals of equal nutritional status, growth and general health, with the exception that one is a normal individual and the other an insulin-treated juvenile diabetic. In the recently fasting state, both will exhibit normal blood sugar levels. Insulin, derived spontaneously in the normal and by administration in the diabetic, is serving the function of regulating and establishing normoglycemia. Exercise in the normal is attended by appropriate shift in gluconeogenesis and glucose release with maintenance of blood level. Exercise in the insulin treated diabetic results in hypoglycemia. The explanation of the hypoglycemia in the insulin treated diabetic is far from obvious. Did the normal individual reduce his insulin secretion below fasting basal levels with exercise or was the maintenance dose of insulin in the dia-betic subcutaneous depot actually excessive to begin with? Does the juvenile diabetic exhibit a second functional lesion in the manner in which muscular exercise elicits and perhaps generalizes a hypoglycemic factor of work? Is the hepatic glucose release in exercise inadequate in the treated diabetic? The ability to regulate a condition per se with an agent like insulin does not compel the conclusion that the underlying defect must be sought exclusively in the inadequacy of insulin secretion. Though described as international, almost all of the participants of this "Biguanid-Symposium" were from German-speaking countries (Germany, Austria and Switzerland); only two of twenty-one papers were presented by American authors. This alone demonstrates the great interest and the wide acceptance which the hyperglycemic biguanides have found in Europe, particularly in Germany, which, thirty years ago, rejected as too toxic the first orally effective hypoglycemic agent, a guanidine derivative, introduced by the German clinician, Frank. Indeed, Professor Bertram of Hamburg who once had opposed the use of Synthalin because of disappointing clinical experiences, presided over the present symposium and stated in his concluding remarks: "that I would not like to overlook again biguanide in the therapy of diabetes mellitus." His opinion was based on the universally favorable reports from German and Austrian hospitals and clinics on the use of the biguanides as sole agents in the treatment of maturity onset diabetes and in combination with insulin in the treatment of growth onset and brittle diabetes. Besides DBI (phenformin) the German investigators employed a butyl-biguanide (W37). Reference was also made to a dimethyl biguanide (La 6032) apparently widely used in France. While these three agents seem to have about the same mode of action and the same side effects (mainly, gastrointestinal incompatability), they differ in their effective dosage. DBI appears to be twice as potent as butylbiguanide and twenty times as much as the dimethyl derivative. None of these agents seems to have shown any organic toxicity when used in clinically recommended doses, but reference was made to a few instances of ketoacidosis, apparently precipitated by the compounds. Considerably larger doses caused marked pathological changes, particularly in the liver and kidneys of experimental animals. Therefore, Creutzfeld warned against premature optimism. Caution seems indeed to be warranted since the mechanism of action of the hypoglycemic biguanides is still poorly understood. The theoretical papers and discussions added much speculation but few new facts. The main paper in this section gave a summary of the research data of the various laboratories in America.
This well prepared volume contains transcripts of most of the discussions, in addition to the formal papers. It should be valuable to everyone interested in the modern management of diabetes. This is a small book, written in simple terms. In the preface, the author states that many monographs on fluid balance are capably prepared but contain too much detailed physiology for most physicians. In this book the author presents, by topic, clinical case histories first, then discusses briefly the management, along with physiology. This type of outline is in contrast to the usual book published on fluid balance.
There are ten chapters. The author starts with a discussion of alkalosis due to gastric fluid loss. Case reports are given with a discussion of physiology following. A liberal use of ammonium chloride in the treatment of alkalosis is recommended. However, no mention is made of the possible toxicity of ammonia. It might be said that the liberal use of ammonium chloride in the treatment of alkalosis as yet has not come to be accepted by all. Following, there is a discussion of heart failure with hyponatremia. The material is well presented. Next, uremia, renal acidosis and acute renal failure are discussed. There is a chapter on diabetic acidosis. Some authorities in the field of diabetes might disagree with the method of treatment presented. Dr. Grace gives only 50 units of insulin per hour because "the body cannot utilize more than 50 units of insullin per hour." This statement might be challenged. Also, most authorities would consider 6 to 8 liters of saline as an excessive amount of sodium input unless there was evidence of severe extracellular dehydration. Furthermore, 60 mEq. of potassium as an average replacement dose is insufficient.
The author then follows with a section on electrocardiographic changes in electrolyte abnormalities. Chapter Seven deals with the replacement of electrolyte deficits. The author appears to favor the use of formulas and calculations to decide amounts of replacement therapy. It is this reviewer's belief that formulas can never substitute for clinical experiments in deciding upon replacement therapy. However, the author does point out the limitations of each formula. A chapter dealing with the Henderson-Hasselbalch Equation is presented. It is clear and well outlined. Finally, the author concludes with sections on magnesium and potassium deficiency.
